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Introduction {#sec005}
============

Midkine (MDK) is a heparin-binding growth factor that shares 45% amino acid sequence identity with the other heparin-binding growth factor, pleiotrophin \[[@pone.0224103.ref001]\]. MDK is rich in basic amino acid residues and binds to polysulfated glycosaminoglycans such as chondroitin sulfate and similarly has a high affinity for heparin \[[@pone.0224103.ref002]\]. Since its discovery, MDK has been found to have diverse activities, such as promoting cell growth and survival, cell migration, angiogenesis, fibrinolysis, and tissue repair. MDK is highly expressed in some malignancies \[[@pone.0224103.ref003]--[@pone.0224103.ref007]\] and is thought to play a role in oncogenesis. Elevated plasma or serum MDK concentrations have been reported in a wide variety of malignancies, including neuroblastoma \[[@pone.0224103.ref008]\], breast cancer \[[@pone.0224103.ref009]\], head and neck squamous cell carcinoma \[[@pone.0224103.ref010]\], hepatocellular carcinoma \[[@pone.0224103.ref011]\], and pediatric embryonal tumors \[[@pone.0224103.ref012]\]. Moreover, a recent study showed that midkine activates the mTOR pathway to induce neo-lymphangiogenesis, which supports metastatic spread of melanoma \[[@pone.0224103.ref007]\].

Although it has been widely studied in malignancies, the role of MDK in normal physiology has been investigated less extensively. MDK is highly expressed in multiple tissues of the embryo \[[@pone.0224103.ref013]--[@pone.0224103.ref014]\]. However, postnatally, MDK expression is downregulated in multiple organs of mice, rats, and sheep \[[@pone.0224103.ref015]--[@pone.0224103.ref016]\], resulting in low expression in adult tissues \[[@pone.0224103.ref013]\]. MDK knockout in mice has little phenotypic effect but double knockout of MDK and pleiotrophin impairs postnatal growth and causes infertility \[[@pone.0224103.ref017]\].

MDK has been studied in several endocrine-related conditions. MDK is expressed in adipocytes and regulated by inflammatory modulators, such as TNF-α and rosiglitazone \[[@pone.0224103.ref018]\]. Serum MDK concentrations were found to be elevated in adults with obesity \[[@pone.0224103.ref018]\]. Therefore, it has been suggested that MDK is a novel adipocyte-secreted factor associated with obesity \[[@pone.0224103.ref018]\]. In one prior study, children with a variety of endocrine conditions were studied as a control group for comparison to children with malignancies \[[@pone.0224103.ref019]\]. There appeared to be no association between age and serum MDK, but, unexpectedly, extremely high MDK concentrations were observed in occasional children with short stature, diabetes, and obesity \[[@pone.0224103.ref019]\]. In addition, MDK was reported to be lower in children treated with growth hormone injections. However, no follow-up study has been performed to confirm the findings in healthy children and children with obesity and growth disorders to date. Therefore, we designed a study to establish the reference ranges in healthy children and adults and investigated the association of MDK with different levels of adiposity and with disorders of childhood growth.

Subjects and methods {#sec006}
====================

Study population {#sec007}
----------------

The study was approved by IRBs at the *Eunice Kennedy Shriver* National Institute of Child Health and Human Development, Dankook University Hospital, National Institute of Diabetes and Digestive and Kidney, Massachusetts General Hospital, and Children's National Medical Center (ClinicalTrials.gov Identifiers: NCT00001195, NCT00001522, NCT00680979, NCT02311322). For all subjects, written informed consent and assent, if appropriate, were obtained. Written informed consent was obtained from all subjects and from parents or legal guardians of minors. Assent was also obtained from minors as appropriate. Subject characteristics are described in detail in **[Fig 1](#pone.0224103.g001){ref-type="fig"}** and **[Table 1](#pone.0224103.t001){ref-type="table"}**.

![Subject groups.\
Healthy children without obesity, children and young adults with abnormal adiposity (obesity and anorexia nervosa), children with short stature, and healthy adults were studied. Numbers of subjects in each group are shown in parentheses. SS, short stature; AN, anorexia nervosa; ISS, idiopathic short stature; SGA, small for gestational age; GH, growth hormone; NIH, National Institutes of Health; MGH, Massachusetts General Hospital; U.S., United States (studied at NIH).](pone.0224103.g001){#pone.0224103.g001}

10.1371/journal.pone.0224103.t001

###### Demographic and anthropometric data of subjects.

![](pone.0224103.t001){#pone.0224103.t001g}

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                     Healthy Children\                           Children with High and Low Adiposity   Children with Short Stature (n = 75)        Healthy Adults\                                                                                                                                                                                                                             
                                     without Obesity\                                                                                                               (n = 206)                                                                                                                                                                                                                                   
                                     (n = 222)                                                                                                                                                                                                                                                                                                                                                                  
  ---------------------------------- ------------------------------------------- -------------------------------------- ------------------------------------------- ------------------------------------------------------------- ------------------------------------------- -------------------- ------------------------------------------- -------------------- ------------------------------------------- ------
  Median age \[age range\] (years)   11.4 \[0--17.9\]                            12.1 \[4.2--17.9\]                     18.00 \[14.0--23.0\]                        9.2 \[3.6--17.4\]                                             41.2 \[18.2--91.0\]                                                                                                                                                           

  Percent male (%)                   45.7                                        32.8                                   0                                           55.00                                                         29.6                                                                                                                                                                          

  Race distribution (%)              White                                       38.9                                   White                                       43.1                                                          White                                       80.0                 White                                       75.4                 White                                       47.9

  Non-Hispanic Black                 18.1                                        Non-Hispanic Black                     37.9                                        Non-Hispanic Black                                            0                                           Non-Hispanic Black   6.6                                         Non-Hispanic Black   26.0                                        

  Asian                              35.7                                        Asian                                  6.9                                         Asian                                                         10.0                                        Asian                8.2                                         Asian                7.8                                         

                                     Hispanic                                    0                                      Hispanic                                    0                                                             Hispanic                                    10.0                 Hispanic                                    0                    Hispanic                                    0

                                     Other[†](#t001fn001){ref-type="table-fn"}   7.3                                    Other[†](#t001fn001){ref-type="table-fn"}   12.1                                                          Other[†](#t001fn001){ref-type="table-fn"}   0                    Other[†](#t001fn001){ref-type="table-fn"}   9.8                  Other[†](#t001fn001){ref-type="table-fn"}   18.2

  Median BMI SDS \[range\]           0.49 \[-2.24--1.62\]                        1.99 \[1.64--3.14\]                    -0.9 \[-3.32----0.31\]                      -0.5 \[-4.78--1.91\]                                          1.53 \[-1.50--3.16\]                                                                                                                                                          

  Median height SDS\                 0.1 \[-1.9--3.2\]                           0.75 \[-1.8--3.1\]                                                                 -2.2 \[-5.05----0.8\] [\*](#t001fn002){ref-type="table-fn"}   -0.256 \[-2.97--2.37\]                                                                                                                                                        
  \[range\]                                                                                                                                                                                                                                                                                                                                                                                                     
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

†: Other, more than one race/ethnicity

\*: Including children on growth hormone treatment.

### Healthy children {#sec008}

Healthy children (n = 222 subjects, age 0--17.99 years, 101 male) were volunteers recruited under clinical protocols at the *Eunice Kennedy Shriver* National Institute of Child Health and Human Development (NICHD) in the United States (n = 155) and Dankook University Hospitals in South Korea (n = 67) between 2011 and 2016.

### Healthy adults {#sec009}

Healthy adults (n = 206, age 18.2--91 yrs, male = 60) included 1) healthy, unaffected parents, siblings or relatives of children with growth disorders who participated in clinical studies at the NIH between 2011 and 2016, 2) healthy volunteers at the NIH (n = 120), and 3) otherwise healthy subjects with benign thyroid nodules (n = 86) \[[@pone.0224103.ref006]\].

### Children with obesity or anorexia nervosa (AN) {#sec010}

Otherwise healthy children with obesity (n = 61, BMI\>95^th^ percentile, age 4.2--17.9 yrs, male = 20) were recruited at the *Eunice Kennedy Shriver* National Institute of Child Health and Human Development (NICHD). Subjects with AN (n = 20, age 14--21 years, all female) were recruited at Massachusetts General Hospital, Boston, through eating disorder providers, local pediatricians, and treatment centers between 2011 and 2013 \[[@pone.0224103.ref020]\]. Inclusion criteria included a diagnosis of anorexia nervosa (AN) based on DSM-V criteria. The diagnosis of AN was confirmed by the study psychologist. Exclusion criteria included active suicidality, psychosis or substance abuse, and hematocrit \<30%, potassium \<3.0 mmol/L, or glucose \<50 mg/dL (to exclude subjects with severe acute illness). Use of psychiatric medications was not an exclusion criterion for study participation.

### Children with short stature {#sec011}

Subjects (n = 68, age 0.6--17.4 yrs, male = 43) were children who visited the NIH Clinical Center pediatric endocrinology clinic for evaluation of short stature between 2011 and 2016. Inclusion criteria included height SDS \< - 2.2 (at the time of presentation or before growth hormone initiation) without systemic illness or history of malignancy. An additional 3 subjects were born small for gestational and failed to undergo catch-up growth into the normal range.

Patients with growth hormone deficiency (n = 4) were diagnosed by two standard growth hormone provocative tests without estrogen priming. 3 subjects had a history of combined pituitary hormone deficiencies and 1 subject with isolated growth hormone deficiency who showed a peak growth hormone of 1 ng/mL. Patients who were receiving growth hormone for ISS and growth hormone deficiency were also included to study the impact of growth hormone on MDK concentrations.

### Measurements, Tanner staging, and body composition {#sec012}

Subjects' weights were measured to the nearest 0.1 kg with a digital scale. Height was determined with a stadiometer from the average of three measurements recorded to the nearest millimeter. BMI z-scores were calculated according to the Centers for Disease Control and Prevention 2000 standards \[[@pone.0224103.ref021]\]. For 132 healthy children without obesity, Tanner staging was assessed by physical exam conducted by an experienced pediatric endocrine research nurse or pediatric endocrinologist. The Tanner stages were later obtained from the subjects' records. Breast development for girls and pubic hair for boys were used for analysis because these were the observations most widely recorded.

In 77 healthy subjects with normal weight (BMI SDS: -0.67 to 1.64, age 9.08--26 yrs) and 44 subjects with obesity (BMI SDS: 1.65 to 2.71, age 8.8--25.8 yrs)\[[@pone.0224103.ref022]\], total fat mass (kg) and body fat percent were measured by dual-energy X-ray absorptiometry (DXA) using a Hologic QDR Discovery instrument (Hologic, Bedford, MA).

### Blood collection {#sec013}

Blood was collected from a peripheral vein in a plastic tube containing sodium citrate because glass tubes adsorb MDK \[[@pone.0224103.ref023]\]. Blood collection via heparinized catheter was avoided \[[@pone.0224103.ref024]\]. The blood was centrifuged at 4°C for 15 min at 3,000 g within 2 h of venipuncture. Plasma was aliquoted in plastic tubes and stored at -80°C until MDK assay.

ELISA for plasma MDK {#sec014}
--------------------

MDK was measured using a commercial sandwich enzyme-linked immunosorbent assay (ELISA) (BioVendor, US) with modifications to increase the sensitivity as previously described \[[@pone.0224103.ref006]\]. In summary, poly-L-lysine was added to the biotin-labelled detection antibody solution provided with the kit. For the assay, 125 μL of plasma were diluted in 125 μL of TBSTA (Tris-buffered saline, 1% bovine serum albumin, 0.5% tween 20, pH 7.4). The rest of the procedure was identical to the procedure previously described \[[@pone.0224103.ref006]\]. The detection limit for plasma MDK was 8.7 pg/mL. Intra-assay CV was 6% with 0.2 ng/mL and 3% with 0.8 ng/mL and inter-assay CV was 22%. The assay has been shown not to cross-react with pleiotrophin in a previous study \[[@pone.0224103.ref025]\].

Statistical analysis {#sec015}
--------------------

All MDK values were log-transformed to better approximate a normal distribution. The associations between MDK concentration and age, sex, race/ethnic group, height SDS and BMI SDS were assessed using ANOVA or Pearson correlation. Subjects \< 2 years old were excluded from the BMI SDS analysis. Because MDK concentration correlated significantly only with age, differences in MDK concentrations between groups of subjects were adjusted for age, using age as a covariate in a general linear model in SPSS 19 (IBM, NY). MDK concentrations at different Tanner pubertal stages were compared using one-way ANOVA with Bonferroni correction for multiple post hoc comparisons. Data are presented as mean ± SEM, and a *P* value of ≤ 0.05 was considered statistically significant. In healthy children, the relationship between plasma MDK concentration and age was analyzed both by treating age as a continuous variable and also by categorizing for age: infancy (\< 1 year), prepubertal age range (1--7 years), peripubertal to pubertal age range (8--14 years), and late pubertal to postpubertal age range (15--18 years).

Results {#sec016}
=======

In healthy children without obesity (n = 222), MDK decreased with age (r = -0.54, *P* \< 0.001). The sharpest decline occurred during the first year of life (**[Fig 2A and 2B](#pone.0224103.g002){ref-type="fig"}**). MDK concentrations were not significantly associated with sex, race, BMI SDS or height SDS (**[Table 2](#pone.0224103.t002){ref-type="table"} and [Fig 2C and 2D](#pone.0224103.g002){ref-type="fig"}**). MDK concentrations were also analyzed by pubertal stage in healthy children, age 8--18 years, who had Tanner staging performed at the time of blood collection (n = 132) (**[Fig 2E](#pone.0224103.g002){ref-type="fig"}**). The association between Tanner stage and MDK concentration did not reach statistical significance (*P* = 0.27) after adjusting for age. In healthy adults, MDK concentration was weakly positively correlated with age (r = 0.16, *P* = 0.03) but not with sex, race, height SDS or BMI SDS (*P* = NS).

![Plasma midkine (MDK) concentrations in healthy children.\
Plasma was obtained from healthy, non-obese children younger than 18 years (n = 222) from the United States or South Korea. Plasma midkine concentration was measured by sandwich enzyme-linked immunosorbent assay (ELISA). A) Scatterplot of plasma MDK concentrations (ng/mL) *vs* age. B) MDK concentrations (mean ± SEM) stratified by age. C) Scatterplot of plasma MDK concentrations *vs*. height standard deviation score (SDS) and D) Scatterplot of plasma MDK concentrations *vs*. body mass index (BMI) SDS. E) Plasma MDK concentrations (mean ± sem) stratified by Tanner stage in those subjects who had pubertal staging performed at the time of blood collection (n = 132).](pone.0224103.g002){#pone.0224103.g002}

10.1371/journal.pone.0224103.t002

###### Association between plasma MDK concentrations and sex, race/ethnicity, BMI SDS and height SDS in healthy children.

![](pone.0224103.t002){#pone.0224103.t002g}

  ---------------------------------------------------------------------------------------------------------
  Characteristic              N     Midkine concentration\   P value[\*](#t002fn002){ref-type="table-fn"}
                                    ng/mL, mean ± SEM        
  --------------------------- ----- ------------------------ ----------------------------------------------
  Sex                                                        NS

      Male                    101   0.28 ± 0.002             

      Female                  121   0.25 ± 0.02              

  Race/Ethnicity                                             NS

      Asian                   79    0.35 ± 0.03              

      Non-Hispanic black      40    0.18 ± 0.01              

      White                   87    0.23 ± 0.014             

      All other ethnicities   16    0.2 ± 0.02               
  ---------------------------------------------------------------------------------------------------------

N, number of subjects

\*: analyzed by ANCOVA with age as a covariate

To investigate further the association between MDK concentrations and different levels of adiposity, MDK concentrations were compared between children and young adults with either normal weight, obesity, or anorexia nervosa. Plasma MDK showed no difference between subjects with normal BMI, obesity, and AN (0.21 ± 0.01 *vs*. 0.19 ± 0.06 *vs*. 0.19 ± 0.16 ng/mL, *P* = NS, adjusted for age and sex). We further evaluated the association between MDK concentrations and adiposity by investigating healthy-weight individuals (n = 77, age range 9--26 years, BMI percentile 78.7 ± 15.8, mean ± SD) and subjects with obesity (n = 45, age 9--26 years, BMI percentile 97.3 ± 1.3) who had DXA scans at the time of blood collection. As expected, the mean of percent body fat by DXA was significantly different in healthy-weight individuals and subjects with obesity (30.7 ± 9.4% vs 41.2 ± 6.5, *P* \< 0.001, adjusted for age and sex). In this combined group of subjects with and without obesity, the association, adjusted for age and sex, between MDK concentrations and percent body fat (%) or total fat mass in kg did not reach statistical significance.

To explore the relationship between MDK and linear growth, plasma MDK concentrations were measured in 68 children with idiopathic short stature (ISS, median height SDS -2.2) and compared to healthy children with stature within the normal range. The concentrations were similar in these two groups (0.24 ± 0.01 ng/mL *vs*. 0.26 ± 0.02 ng/mL, *P* = NS, adjusted for age and sex). MDK concentrations appeared similar in those children with idiopathic short stature who were receiving growth hormone treatment (n = 11, MDK 0.22 ± 0.03 ng/mL, mean ± SD), as well as in children receiving growth hormone for growth hormone deficiency (n = 4, MDK 0.26 ± 0.06 ng/mL) and children born SGA who failed to catch-up in to the normal range (n = 3, MDK 0.26 ± 0.06 ng/mL), although the small number of subjects in these categories precludes definitive conclusions. In children with idiopathic short stature, MDK was not significantly associated with height SDS, BMI SDS, or IGF-1 SDS (*P* = NS, adjusted for age and sex).

Discussion {#sec017}
==========

In healthy children and adults, we found that plasma MDK concentrations declined with age, with the steepest declines occurring in early childhood. Children in Tanner stage 1 showed higher MDK concentrations than in Tanner stage 5 but this effect appeared to be explained by their increasing age. Among healthy children, MDK concentrations did not correlate significantly with BMI SDS, total body fat mass, or percentage body fat. Moreover, MDK concentrations did not differ in children and young adults with anorexia nervosa or obesity compared to controls. In children with short stature, the MDK concentrations did not differ from normal children or show any association with height SDS, IGF-1 SDS, or among a small cohort receiving growth hormone treatment.

The observed decline in plasma MDK concentration with age, particularly in early childhood, is conceptually consistent with our previous studies showing that MDK concentrations in human amniotic fluid decline with gestational age \[[@pone.0224103.ref023]\] and that MDK mRNA expression decreases with age in multiple tissues of juvenile rats \[[@pone.0224103.ref015]\]. Taken together, these findings raise the possibility that high extracellular concentrations of MDK in early life may help support the rapid growth of infancy. Partially consistent with this hypothesis, double knockout of MDK and pleiotrophin, a related heparin-binding growth factor, impairs postnatal growth in mice \[[@pone.0224103.ref024]\], although knockout of MDK alone does not have this effect. The current finding that plasma MDK declines with age, particularly in early life, paralleling the decline in growth rate, is consistent with this hypothesis. Because of this possible role of MDK in normal childhood growth, we were particularly interested to see whether MDK might be altered in some children with growth disorders. Indeed, one prior study found that some children with short stature had extremely high circulating MDK concentrations \[[@pone.0224103.ref019]\]. However, we did not find abnormal plasma MDK concentrations in children with short stature.

Our findings do not confirm a reported association between circulating MDK concentrations and adiposity. Fan et al reported that serum MDK concentrations correlated with BMI in adults and that MDK concentrations were higher in adults with overweight and obesity than in those of normal weight \[[@pone.0224103.ref018]\]. We did not find an association between plasma MDK and BMI SDS, total body fat mass, or percent body fat. Furthermore, MDK concentrations were not significantly different in conditions involving extremes of adiposity--obesity or anorexia nervosa. The discrepancy between our findings and the prior report might be due to the age of the participants or to methodological differences. We measured MDK in plasma (with sodium citrate) rather than serum because serum collection tubes are coated with silicon and contain silica powder to enhance blood coagulation, which was previously reported to adsorb MDK \[[@pone.0224103.ref025]\]. We also collected all blood samples in plastic tubes because glass was found to adsorb MDK both in a prior study \[[@pone.0224103.ref023]\] and in our own pilot experiments. Furthermore, we did not use blood that was collected through a heparinized catheter because heparin was reported to increase MDK concentration \[[@pone.0224103.ref026]\]. It is also possible that the different antibodies used in different assays may detect different forms of MDK in the circulation. Our assay was designed to measure full-length MDK and does not cross react significantly with pleiotrophin, a related heparin-binding growth factor \[[@pone.0224103.ref006]\]. Methodological differences might also explain why we found circulating MDK concentrations to be approximately 10-fold lower than those reported by Fan et al \[[@pone.0224103.ref018]\].

Although MDK concentrations did not show a significant association with childhood growth disorders or obesity, the MDK concentration measured in healthy subjects might be useful as the reference range for patients with malignant disorders. Elevated plasma or serum MDK concentrations have been reported in a wide variety of malignancies \[[@pone.0224103.ref006], [@pone.0224103.ref008]--[@pone.0224103.ref012]\]. MDK expressed by malignancies may support lymphatic metastases by inducing neo-lymphangiogenesis, raising the possibility that plasma MDK may be useful for a biomarker in detection of invasive status of cancers.

In conclusion, we found that plasma MDK concentrations declined with age, particularly in early childhood, paralleling the normal decline in growth rate, suggesting that this heparin-binding growth factor might help support the rapid body growth of infancy. Plasma MDK was remarkably invariant with sex, adiposity, and in children with short stature.

Supporting information {#sec018}
======================

###### Subjects data.

(XLSX)

###### 

Click here for additional data file.
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August 5, 2016

Kathleen E. Bethin, MD, PhD

Academic Editor

PLOS ONE

Re: PONE-D-19-15659

Title: Plasma midkine concentrations in healthy children, children with increased and decreased adiposity, and children with short stature

Dear Dr. Bethin,

We would like to thank the reviewer and editor for their careful evaluation of our manuscript. As requested, we are providing the point-by-point response to the reviewer and editor and the revised version of our manuscript with track changes. The reviewer and editor made a number of important comments, which we carefully addressed, as detailed below. With these revisions, we believe that the paper is strengthened and therefore hope that the reviewer and editor will find that it is now suitable for publication in PLOS ONE.

Sincerely,

Jeffrey Baron, MD

Chief, Section on Growth and Development

 

Reviewer comments:

Journal requirements \#1: Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming.

Response: We believe that our manuscript meets PLOS One's style including the file

names. Please let us know if any adjustments are needed.

Journal requirements \#2: In your Methods section, please ensure you have also stated whether

you obtained consent from parents or guardians of the minors included in the

study.

Response: The language of consent process was revised as below.

Page 4: Written informed consent was obtained from all subjects and from parents or

legal guardians of minors. Assent was also obtained from minors as appropriate.

Journal requirements \#3: "Data not shown" in your manuscript does not meet our data sharing requirements. PLOS does not permit references to inaccessible data.

Response: The "data not shown" is not critical to the manuscript and therefore was

simply deleted.

Page 8: Plasma was obtained from subjects regardless of fasting or time of day because

these factors did not affect plasma MDK concentrations based on our evaluation

(data not shown). Measurement of MDK in serum did not show good parallelism

(data not shown) and the concentrations of MDK were far lower than in plasma,

therefore only plasma MDK concentrations are reported.

Editor comments \#1: The authors state, "All relevant data are within the manuscript and its Supporting Information files." However, the raw data are not included in the manuscript and there are no supporting files.

Response: The raw data in excel is now submitted as a supporting information file.

Editor comments \#2: Fig 1 legend does not belong on the figure itself.

Response: The fig 1 legend is revised as below.

Page 4:

Fig 1. Subject groups. Healthy children without obesity, children and young adults with abnormal adiposity (obesity and anorexia nervosa), children with short stature, and healthy adults were studied. Numbers of subjects in each group are shown in parentheses. SS, short stature; AN, anorexia nervosa; ISS, idiopathic short stature; SGA, small for gestational age; GH, growth hormone; NIH, National Institutes of Health; MGH, Massachusetts General Hospital; U.S., United States (studied at NIH)

Editor comment \#3: Fig 2 legend- must be reworked. A figure legend is not a description of the results. Please refer to reviewer comments.

Response: Thank you for the editor's and reviewer's comment. Fig 2 legend is revised

as below.

Page 10:

Fig 2. Plasma midkine (MDK) concentrations in healthy children. Plasma was obtained from healthy, non-obese children younger than 18 years (n=222) from the United States or South Korea. Plasma MDK concentration was measured by sandwich enzyme-linked immunosorbent assay (ELISA). A) Scatterplot of plasma midkine (MDK) concentrations (ng/mL) vs age. B) MDK concentrations (mean ± SEM) stratified by age. C) Scatterplot of plasma MDK concentrations vs. height standard deviation score (SDS) and D) Scatterplot of plasma MDK concentrations vs. body mass index (BMI) SDS. E) Plasma MDK concentrations (mean ± sem) stratified by Tanner stage in those subjects who had pubertal staging performed at the time of blood collection (n = 132).

Editor comment \#4: For Fig 2 B please explain why/how the age brackets shown were chosen.

Response: The following sentence was added to the methods section:

Page9:

In healthy children, the relationship between plasma MDK concentration and age was analyzed both by treating age as a continuous variable and also by categorizing for age: infancy (\< 1 year), prepubertal age range (1-7 years), peripubertal to pubertal age range (8-14 years), and late pubertal to postpubertal age range (15-18 years).

Editor comment \#5: I agree with reviewer \#1 assessment- The results section does not flow with the numbered sections. I would remove the numbers and the titles and add some transitions from one section to the other.

Response: As suggested, the numbers and the titles in result section were removed and

the transitions were revised.

Editor comment \#6: On page 11, lines 240-242 the MDK in children with ISS is compared to "healthy children." This is implying that children with ISS are not healthy. I would suggest rewording the sentence.

Response: Thank you for the editor's comment. We revised the sentence as below.

Page 11: To explore the relationship between MDK and linear growth, plasma midkine concentrations were measured in 68 children with idiopathic short stature (ISS, median height SDS -2.2) and compared to healthy children with stature within the normal range.

Lastly, we would like to inform the editor and reviewer that we revised Fig 1 for Y-axis to contain raw data in a log scale (not log-transformed data) to help readers.

Reviewer \#1: The submitted manuscript by Lee et al describes plasma midkine levels in different cohorts of children with normal weight, obesity and underweight, as well as short stature. This study was done because of prior observation that midkine levels were higher in obesity and short stature. The authors set out to clarify the midkine concentrations in these populations. The cohorts are well characterized and described. The data is clear and the manuscript is well-written. There a few items which could be addressed by the authors.

1\) Page 7, line 133. The authors describe the Tanner staging for the pediatric cohort. However, they used different Tanner staging procedures based on sex \-- females were staged for gonadarche, while males were staged by pubarche. The authors then evaluated midkine levels based on Tanner stage. However, the authors are combining 2 different pubertal assessments into one category and gonadarche is biochemically different than pubarche. The authors should discuss the rationale for this categorization. Alternatively, if they have data that would be consistent across both sexes, then midkine levels could be presented based on that Tanner staging.

Response: We agree with the reviewer's point. The data were obtained from subject's medical record at the time of blood collection and breast development for girls and pubic hair for boys were primarily available. To address the reviewer's point, we revised our manuscript as follows.

Page 8:

For 131 healthy children without obesity, Tanner staging was assessed by physical exam conducted by an experienced pediatric endocrine research nurse or pediatric endocrinologist. The Tanner stages were later obtained from the subjects' records. Breast development for girls and pubic hair for boys were used for analysis because these were the observations most widely recorded.

2\) Page 8, line 169. What does the term \"parallelism\" mean ? Do they mean to say correlation or consistency?

Response: We used the term "parallelism" to refer to a desirable property of an immunoassay. To assess parallelism, a subject's plasma with high endogenous MDK is serially diluted and then assayed. If the measured concentrations of MDK decrease proportionally to the dilution factor, then the assay is said to be parallel, indicating that the binding characteristic of the antibodies to endogenous MDK is the same as antibody binding to the calibrator MDK and that the blood plasma does not create a matrix effect which alters the binding. However, in the revised manuscript, we decided not to show the parallelism data because it is not critical to the study, and we therefore deleted the sentence referring to parallelism.

3\) Results (starting on page 9) Do the individual results categories need to be numbered??

Response: We agree that the numbering is not necessary, and therefore we removed the numbers and subtitles and instead used the first sentence of each paragraph to aid the reader with the transitions.

4\) Figure legend for Fig 2 should be reworked. Would recommend as follows: This figure legend could be reworked

Response: We appreciate the reviewer's comment and revised the legend as suggested.

Fig 2. Plasma midkine concentrations in healthy children. Plasma was obtained from healthy, non-obese children younger than 18 years (n=222) from the United States or South Korea. Plasma midkine concentration was measured by sandwich enzyme-linked immunosorbent assay (ELISA) A) Scatterplot of plasma midkine (MDK) concentrations (ng/mL) vs age. B) MDK concentrations (mean ± SEM) stratified by age. C) Scatterplot of plasma MDK concentrations vs. height standard deviation score (SDS) and D) Scatterplot of plasma MDK concentrations vs. body mass index (BMI) SDS. E) Plasma MDK concentrations (mean ± sem) stratified by Tanner stage in those subjects who had pubertal staging performed at the time of blood collection (n = 132).

###### 

Submitted filename: Response to reviewers .docx

###### 

Click here for additional data file.

10.1371/journal.pone.0224103.r003

Decision Letter 1

Bethin

Kathleen E.

Academic Editor

© 2019 Kathleen E. Bethin

2019

Kathleen E. Bethin

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

9 Sep 2019

PONE-D-19-15659R1

Plasma midkine concentrations in healthy children, children with increased and decreased adiposity, and children with short stature

PLOS ONE

Dear Dr Baron,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by Oct 24 2019 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Kathleen E. Bethin, MD, PhD

Academic Editor

PLOS ONE

Additional Editor Comments (if provided):

All of the reviewers/ editors comments were addressed. However, 2 minor issues were discovered on this review:

1\. The number of healthy children with Tanner staging is listed as 131 on lines 155-159 of the text and listed as 132 in figure 2.

2\. The term \"non-Hispanic Black\" was used in Table 1 and \"Africa American\" was used in table 2. Please be consistent. Also, legend for Table 2 defines AA as African American but AA is not used in the Table.

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0224103.r004
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Reviewer's comments:

1\. The number of healthy children with Tanner staging is listed as 131 on lines 155-159 of the text and listed as 132 in figure 2.

Response: We appreciate the reviewer's careful review. We confirmed that 132 in Figure 2 is the correct number. Therefore, the text was revised to 132.

2\. The term \"non-Hispanic Black\" was used in Table 1 and \"Africa American\" was used in table 2. Please be consistent. Also, legend for Table 2 defines AA as African American but AA is not used in the Table.

Response: We revised our Tables to be consistent with non-Hispanic black and removed African American and AA.

10.1371/journal.pone.0224103.r005
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Plasma midkine concentrations in healthy children, children with increased and decreased adiposity, and children with short stature

PONE-D-19-15659R2

Dear Dr. Baron,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Kathleen E. Bethin, MD, PhD

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

10.1371/journal.pone.0224103.r006
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Kathleen E. Bethin

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

18 Oct 2019

PONE-D-19-15659R2

Plasma midkine concentrations in healthy children, children with increased and decreased adiposity, and children with short stature

Dear Dr. Baron:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Kathleen E. Bethin

Academic Editor

PLOS ONE
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